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Making it fast, simple, easy & efficient 



Agilent at NEMC

https://www.agilent.com/en/product/liquid-chromatography-mass-spectrometry-lc-ms

Leveraging Instrument Sensitivity –
Customers, Laboratories, and 
Regulators Benefitting from Evolving 
Lab Practices
Brian Pike, Lead Chemist, IDEA Lab
PACE Analytical

Virtual Lunch Seminar on Monday, 
August 17th will cover how the 
environmental testing industry offerings 
have been changing over time as a 
direct correlation to the sensitivity gains 
being realized through instrumentation 
for PFAS, Dioxins, sVOCs etc.
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We Don’t Yet Know the Potential Health Impacts for Humans 
Global Health Organizations have Called for Additional Research

Given the potential impact, it is not 
surprising that global health organizations 
are also publishing reports on the impact 
of microplastics.

For example, in 2019, the World Health 
Organization (WHO) published a report, 
which concluded that there was not 
enough scientific evidence regarding the 
impact of microplastics on human health 
and more scientific research is required.
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Analysis of Microplastics
A Challenge
Microplastics analysis require several different measurements depending on the 
goal and can include particle type, size, shape, area, & number 
Hence there is no ‘one’ ideal solution for all the measurements but complementary 
techniques are required. 
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Analysis of Microplastics in the Environment
Measurement technique selected depends upon question(s) being asked
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Microplastics Measurement
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Microplastics

Particle size & 
Character

Field Mobile FTIR

In-lab LDIR

Concentration GC-MS

Pyrolysis

Thermal 
Desorption

Thermal 
Extraction 
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Pyrolysis

Thermal 
Extraction 
Desorption

Thermal 
Desorption

Sample introduction approaches for mass fraction Microplastics analysis
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Thermogravimetric Analysis with Evolved Gas Analysis 
Why Pyrolysis?

PP PE PET PS PA6 PVC
Decomposition 
temperature area / °C 380 – 480 400 – 500 350 – 450 360 – 450 375 – 480 200 - 500

Gaseous decomposition 
products

methyl sub. 
alkanes +
alkenes

alkenes, 
alkanes

CO2,
ethene,
arylic acids,
esters

styrene,
styrene 
derivates, 
oligomers

CO2, NH3,
capro-
lactam,
amides

HCl,
methane, 
alkene

Decomposition temperature area of environmental matrices: 100 – 600°C 
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Chromatographic separation of decomposition products is necessary 



Pyrolysis-Gas Chromatography-Mass Spectrometry 
(Py-GC-MS)
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Certain identification is possible, but only 
with small sample mass 
(~ max. 1 mg or organic substances)

Example: Polyethylene (PE)
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Pyrolysis GC/MS for Microplastics
Several Agilent users performing this analysis
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PE, PP, PS,
PVC, PET, 
PC, PMMA, 
PA6

Agilent Application: 5994-2199EN



Thermal Extraction-Desorption Gas Chromatography Mass
Spectrometry. TED-GC/MS
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Components of TED-GC/MS

• Agilent 8890 GC
• Agilent 5977B GC/MSD
• Gerstel TDU 
• Gerstel Twister
• Metller Toledo TGA

Advantages:

Fully automated including sample prep.
Homogeneity control with TGA
Better sample cleanup
Higher sample loads 
More sensitivity



TED-GC-MS: 
1st Part: Thermoextraction
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Environmental sample = 
matrix + microplastics

Adsorber loaded with 
decomposition products

Pyrolysis: inert atmosphere

RT – 600 °C: Pyrolytic 
decomposable organic compounds

Thermobalance

0 100 200 300 400 500 600
0

20

40

60

80

100

 500 µm
 100 µm
 50 µm

Temperature/°C

M
as

s/
%

0,0

5,0x10-4

1,0x10-3

1,5x10-3

2,0x10-3

2,5x10-3

3,0x10-3

M
as

s 
lo

ss
 ra

te
/m

g 
s-

1

TGA signal: Homogeneity control



TED-GC-MS 
2nd Part: Analysis of Decomposition Products
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Thermal
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TED-GC-MS
specific decomposition products of polymers
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• LOD: 
between 0.08 µg (PS) 

and 2.2 µg (PE)

• PE, PP, PS
• PET, PA, PMMA
• PBAT, PLA
• SBR = 

Styrene-Butadiene-Rubber
(component of tyres)



Thermal Extraction Desorption-Gas chromatography-Mass Spectrometry (TED-
GC-MS)
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Slide Courtesy: Markes Intl.
“Sampling & Analysis of Emerging 
Pollutants”, Hannah Calder



LC/MS/MS for specific plastics analysis
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Analysis of emerging contaminants sorbed to Microplastics

https://doi.org/10.1021/acs.est.5b06280

7000 Series GC/TQ

Bradley Clarke
Melbourne University



Microplastics Analysis:

Simplified Workflows for 
Comprehensive Characterization 
in the Environment

Jeff Prevatt, PhD







• Ease of use
• Sample preparation
• Speed of analysis
• Data interpretation
• Reporting

Workflow Development



1. Straightforward

2. Simple to follow

3.  Reproducible

Sample 
Collection
Workflow



Sample 
Preparation
Workflow

1. Easy to replicate

2. Addresses Interferences

3. Minimizes loss of particles



1. Identification of particles

2. Quantification of particles

3. Particle size distribution

4. Fast & reproducible

Sample 
Analysis
Workflow



Micro‐Raman 
Analysis

FTIR and Raman spectroscopy are suitable 
for definitive identification of plastics

532 nm excitation source results in 
excessive fluorescence

785 nm excitation source produces 
acceptable signal for differentiating 
plastics



Polyethylene



Instrument setting vary

Analysis times are slow

Multiple acquisitions required

Samples easily damaged

Challenges



Agilent
LDIR 8700

Chemical
Imaging 
System



Specification Description
Optical Resolution 1 micron
Spectral Resolution 20 micron
Wavelength Coverage 1,800 – 1,000 wavenumbers (cm‐1)
Light Source Quantum Cascade Laser
Detector TE cooled MCT 
Time Required for Analysis Minutes to hours
Reference Library IR reference and buildable

Agilent LDIR 8700



• Eliminates filtration and associated 
sample loss

• Cellulose removed

• Preparation time is ideal

• Sieved contents plated onto a slide

• Reference spike recovery near 100%
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Run 1 136 132 7 5 4 12 1 0 60 9 2 2 0 9 1 19 1 0
Run 2 138 131 3 1 5 12 1 1 63 7 2 1 0 9 1 25 0 0
Run 3 136 131 7 3 5 12 0 0 65 10 2 1 0 8 0 16 2 1
Run 4 140 135 7 6 5 12 0 1 63 11 2 1 1 8 1 17 0 0
Run 5 136 127 8 4 6 7 2 2 60 10 2 1 1 8 0 12 3 1
Run 6 137 130 1 1 5 12 1 2 60 11 2 2 0 8 0 24 1 0
Run 7 137 127 0 2 6 13 1 1 58 9 2 1 0 8 0 26 0 0
Run 8 135 135 0 3 6 11 1 3 58 9 1 0 1 9 1 25 1 0

10

137 131 4.13 3.13 5.25 11.4 0.88 1.25 60.9 9.5 1.88 1.13 0.38 8.38 0.5 20.5 1 0.25
83.8

1.55 3.07 3.48 1.81 0.71 1.85 0.64 1.04 2.53 1.31 0.35 0.64 0.52 0.52 0.53 5.21 1.07 0.46
1.13 2.34 84.4 57.8 13.5 16.2 73.2 82.8 4.16 13.8 18.9 57 138 6.18 107 25.4 107 185

Mean Detected:

True Number:

Percent Recovery:
Std Dev:

Relative Std Dev:

Reproducibility 
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